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(57)Abstract: 

PURPOSE: To perform chamfering carefully so as not to a burr give 
an influence to sliding by only cutting for a burr generated in the case 
of performing chamfering in a slide member provided with a thermal 
spraying layer. 

CONSTITUTION: A thermal sprayed sliding layer is cut in a base 
material direction from a surface 20s by the first cutting tool and is 
cut in a thermal sprayed sliding layer direction from a base material 
end face by the second cutting tool, to determine a crossing line Xi 
between the first cutting surface 1 1s cut by the first cutting tool and 
the second cutting surface 12s cut by the second cutting tool, so as 
to be positioned in a circular arc of connecting a chamfer reference 
position (PI ± AC) in a thermal sprayed sliding layer surface and a 
chamfer reference position (P2± AC) in a base material and an end 
face of the thermal sprayed sliding layer. 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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CLAIMS 

[Claim(s)] 

[Claim 1]In a method of cutting off the corners a slide member which consists of a substrate and a 
thermal-spraying sliding layer by cutting, Said thermal-spraying sliding layer is cut in the direction of a 
substrate from the surface with the 1st cutting tool, It cuts in the direction of a thermal-spraying sliding 
layer from the end face of a substrate with the 2nd different cutting tool from the 1st cutting tool. 
Nodal-line (Xi) of the 1st cutting surface by the 1st cutting tool, and the 2nd cutting surface by the 2nd 
cutting tool, A chamfering method of a slide member determining that it is located in a circle which connects 
a camfering reference position (P2 **deltaC) in the end face of a camfering reference position (PI 
**deltaC) in the thermal-spraying sliding layer surface, a substrate, and a thermal-spraying sliding layer. 
[Claim 2]A chamfering method of the slide member according to claim 1, wherein said nodal-line (Xi) is 
located in said thermal-spraying sliding layer. 

[Claim 3]A chamfering method of the slide member according to claim 1, wherein said nodal-line (Xi) is 
located in said substrate. 

[Claim 4]In a method of cutting off the corners a slide member which consists of a substrate and a 
thermal-spraying sliding layer by cutting, Said thermal-spraying sliding layer is cut in the direction of a 
substrate from the surface with the 1st cutting tool, Next, a thermal-spraying sliding layer to a substrate 
cuts with the 2nd different cutting tool from the 1st cutting tool. Nodal-line (Xi) of the 1st cutting surface by 
the 1st cutting tool, and the 2nd cutting surface by the 2nd cutting tool, A chamfering method of a slide 
member determining that it is located in a circle which connects a camfering reference position (P2 
**deltaC) in the end face of a camfering reference position (PI **deltaC) in the thermal-spraying sliding 
layer surface, a substrate, and a thermal-spraying sliding layer. 

[Claim 5]A chamfering method of the slide member according to claim 4, wherein said nodal-line (Xi) is 
located in said thermal-spraying sliding layer. 

[Claim 6]A chamfering method of the slide member according to claim 5, wherein said nodal-line (Xi) is 
located in said substrate. 

[Claim 7]A chamfering method of a slide member given [ to claims 1-6, wherein a thermal-spraying sliding 
layer consists of a copper system or an aluminum system material and a substrate consists of iron system 
materials ] in any 1 paragraph. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the chamfering method of the slide member which consists 
of a thermal-spraying sliding layer and a substrate. 

If it states in more detail, it is related with the chamfering method of the member which slides in respect of 
a shoe and a thermal-spraying sliding layer like the cam plate of a swash plate type compressor, and slides 
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with a piston in the end face of a thermal-spraying sliding layer and a substrate. 

Especially this invention relates to the method of cutting off a slide member the corners for having provided 
the surface thermal-spraying sliding layer [ elasticity / substrate ] in common structural materials, such as 
steel, cast iron, steel casting, and aluminum, by the spraying process as a substrate. 
[0002] 

[Description of the Prior Art]Camfering is performed to the moving part of various equipment for smooth 

sliding with sliding opponent material. 

The method is divided roughly into drawing 1 - 3. 

The method shown in drawing 1 (a) fails to delete the edge of the work material 1 by the predetermined 
width w by the chamfering tool 2 about the method called C camfering. The method shown in drawing 1 (b) is 
the method of cutting off the corners by the usual byte 3 by predetermined camfering width, and cuts from 
the flat-surface side by the byte 3 to the vertical plane side. Since the dyskinesis which sliding opponent 
material interferes with the edge of a moving part, and is inherent in the performance instability of apparatus 
or the danger of destruction as a result happens if camfering width is small, the camfering width W is set not 
to cause such inconvenience. 

[0003] Drawing 2 is illustrating the method of performing curving surface picking to the substrate 1 from the 
R byte 4. 

[0003] Drawing 3 is illustrating the method of performing curving surface picking, by grinding the substrate 1 

by the belt sander 5. 

[0004] 

[Problem(s) to be Solved by the Invention]About 10-micrometer minute burr is formed in the newly formed 
edge 1e by the method of using the chamfering tool 2 shown in drawing 1 (a). Especially, when hard, this burr 
will have an adverse effect on the characteristic of a slide member too, if it appears in the sliding surface 1 c. 
Therefore, it will be necessary to carry out polish etc. again after processing by the chamfering tool 2. If a 
processing direction is chosen so that the burr 1a may not appear in the sliding surface 1c when using the 
usual byte 3 (drawing 1 (b)), the adverse effect by a burr can be lessened. 

[0005] Next, if edge is cuted off the corners from the R byte 4 (drawing 2), the burr la will be formed in the 
R byte's 4 both ends, and printing will be too caused in the case of sliding with a mating material. On the 
other hand, although generating of a burr or a chip does not take place in camfering by the belt sander 5 
(drawing 3), there is a fault that dimensional accuracy is inferior. 

[0006]By the way, since a thermal-spraying side receives scratching, and it is comparatively weak, if it 
carries out chamfering work of the sprayed layers by the byte for iron processing of a cam-plate iron 
substrate, a smooth finished surface suitable for sliding will not be acquired by sprayed layers. When a 
thermal-spraying substrate is aluminum, the byte for aluminum processing does surface roughening of the 
sprayed layers by chip similarly. If a hard iron system cam plate is processed by the byte who is conversely 
suitable for elastic thermal-spraying side machining, a byte will be missing at the time of iron system 
substrate processing, or the problem to which a byte's life becomes short will arise. Therefore, if a substrate 
and a thermal-spraying sliding layer are processed by a single byte, fault will be produced in a byte or a 
sliding surface. If it is processed by a single byte, a burr will be easy to be formed in a sliding surface, the 
burr becomes a cause and the problem of printing occurring at the time of operation of a swash plate type 
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compressor is produced. 

[0007]Therefore, in the method of cutting off the corners the surface treatment member which formed the 
surface layer of the dissimilar material in the substrate of a slide member with the substrate by thermal 
spraying, an object of this invention is to provide the chamfering method which can avoid the adverse effect 
of the sliding characteristic by a burr, a chip of a surface layer, exfoliation, etc. 

[0008]When attaining the above-mentioned purpose, it is important to think the following matter as 
important and to devise a chamfering method from a viewpoint of the quality of cutting, efficiency, and 
cutting cost. 

(1) Cut off the corners by machining by NC cutting. 

(2) In order to make into a predetermined thing granularity of the end face of the tool cut in order to make 
thickness accuracy of a slide member, and granularity of a dissimilar-material surface layer into a 
predetermined thing, the width of a slide member or diametral accuracy, and a slide member, cut off the 
corners by the substrate and the tool which cuts a surface layer. 

[0009] 

[Means for Solving the Problem]In a method of cutting off the corners a slide member which consists of the 
1st substrate and a thermal-spraying sliding layer of this invention by cutting. Said thermal-spraying sliding 
layer is cut in the direction of a substrate from the surface with the 1st cutting tool. It cuts in the direction 
of a thermal-spraying sliding layer from the end face of a substrate with the 2nd different cutting tool from 
the 1st cutting tool. Nodal-line (Xi) of the 1st cutting surface by the 1st cutting tool, and the 2nd cutting 
surface by the 2nd cutting tool. It is a chamfering method of a slide member determining that it is located in 
a circle which connects a camfering reference position (P2 **deltaC) in the end face of a thermal-spraying 
sliding layer to a camfering reference position (PI **deltaC) and a substrate in the thermal-spraying sliding 
layer surface. In a method of cutting off the corners a slide member which consists of the 2nd substrate and 
a thermal-spraying sliding layer of this invention by cutting, A thermal-spraying sliding layer to a substrate 
cuts with the 2nd cutting tool that cuts said thermal-spraying sliding layer in the direction of a substrate 
from the surface with the 1st cutting tool, next is different from the 1st cutting tool, and nodal-line (Xi) of 
the 1st cutting surface by the 1st cutting tool, and the 2nd cutting surface by the 2nd cutting tool. It is a 
chamfering method of a slide member determining that it is located in a circle which connects a camfering 
reference position (P2 **deltaC) in the end face of a thermal-spraying sliding layer to a camfering reference 
position (PI **deltaC) and a substrate in the thermal-spraying sliding layer surface. 

[001 0]A charge of a surplus material protruded without following in footsteps of movement of a cutting tool 
when, as for a "burr", a cutting tool separates from a workpiece in the end face of a workpiece in this 
invention, and dissociating from the end face is meant. The 1st of this invention is different in that the 
cutting direction of the 1st cutting tool and the 2nd cutting tool is an opposite direction, and on the other 
hand is the direction in which the 2nd of this invention has the same cutting direction of the 1st cutting tool 
and the 2nd cutting tool. Hereafter, composition of this invention is explained in detail. 
[001 1]A surface layer given to a substrate in this invention carries out thermal spraying of the dissimilar 
material to sliding opponent material which has conformity, low friction nature, lubricity, abrasion resistance, 
etc., in order to improve a sliding characteristic more nearly intrinsically than a substrate. Surface layers are 
for example, copper-****- lead alloy material and an aluminum alloy material. On the other hand, a 
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substrate has intensity, and the raw material itself and process cost are cheap industrial materials, and it 
usually consists of steel, cast iron, aluminum, etc. 

[0012]Slide members which this invention method makes a processing object are the parts of various 
equipment, such as a cam plate of a cam-plate compressor, a shoe, a blade of a blade compressor, a driving 
clutch disc of an electromagnetic clutch. By the following explanation, a cam-plate substrate of a swash 
plate type compressor is iron, and a surface layer explains an example of copper-lead alloy sprayed layers 
concretely. In this case, an edged tool for cutting of sprayed layers is a diamond, and a tool for iron cutting 
of a substrate has preferred super-**. 

[001 3] Drawing 4 is an explanatory view of a chamfering method concerning the 1 st invention. Drawing 4 (a) 
is the typical sectional view which carried out covering formation of the sprayed layers 20 to the substrate 
10. A range of thickness (t) of the sprayed layers 20 is usually 50-500 micrometers. As shown in drawing 4 
(b), straight-line cutting of the surface of the sprayed layers 20 is carried out with the edged tool 1 1 for 
sprayed-layers processing, i.e., the 1st cutting tool, predetermined thickness and granularity are made, and 
it continues after that, and is CI. The sprayed layers 20 are cut in the radius R1 centering on a point to the 
plane-of^composition exposed part 20a with the substrate 10. According to this cutting, a burr occurs in 
the plane-of-composition exposed part 20a. 

[0014]then — or a priori, straight-line cutting of the end face of the substrate 10 is carried out with the 
edged tool 12 for substrate processing, i.e., the 2nd cutting tool, a predetermined size and granularity are 
made, and the substrate 10 and the sprayed layers 20 are continuously cut in the radius R2 centering on C2 
point after that. In the following explanation, a cutting order shall be based on the 1st and 2nd cutting tool. 
Then, the plane-of-composition exposed part 20a is cut off by the 2nd cutting with a burr. Furthermore, the 
sprayed layers 20 also fail to be deleted slightly. Since it is not easy to make NC program so that the 1st 
cutting tool 1 1 may leave a work material by the plane-of-composition exposed part 20a as mentioned 
above, in the following explanation. As shown in drawing 5, 1 1 s of cutting surfaces of the 1st cutting tool 
and 12 s of cutting surfaces of the 2nd cutting tool are explained as what crosses within sprayed layers or 
crosses within a substrate. In this nodal line Xi, a very small burr [ about several micrometers ] is formed. 
[001 5] Drawing 6 and 7 are the figures showing a camfering curve. CI and C2 are base level picking width, 
and it is shown that it is necessary to fail to delete edge of a slide member by CI and C2. PI and P2 show 
a starting point of CI and C2, respectively. Generally in the case of a cam plate for car air-conditioners, 
they are CI and C2=0.5mm. On the other hand, deltaC is the accuracy of camfering width permitted by 
accuracy of cutting and application apparatus carrying out performance consideration. Case deltaC of the 
above-mentioned cam plate = it is 0.01 mm. It is necessary to perform camfering by width of CI **deltaC 
and C2 **deltaC. Camfering this width. The arbitrary circles LI which connect a position which it is satisfied 
and also permits a gap of **deltaC on the basis of PI and P2, L2 or (drawing 6) the arbitrary straight lines 
L3, and a line that does not come out outside L4 (the following (drawing 7 ) LI, and L2, L3 and L4 grade are 
called "deburring required line") need to perform. If a deburring side comes out outside a deburring required 
line, when a sliding surface is worn out, interference of a slide member and a mating material takes place, 
and it is not desirable. 

[001 6] By the way, if a minute burr formed with the nodal line Xi of drawing 5 does not come outside from a 
deburring required line, the burr itself will have good how to twist, but since interference with a mating 
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material etc. are not caused, it approves. Therefore, it was determined that it was located in a circle which 
connects a camfering reference position [ in / for a position of the nodal line Xi / a sliding surface ] (P1 
**deltaC), a substrate, and a camfering reference position (P2 **deltaC) in the end face of sprayed layers in 
this invention. 

[001 7] It may return to drawing 5 again and any of R1 =R2, R1 >R2, and R1 <R2 may be sufficient as relation 
between the curvature radius R1 of the sprayed layers 20, and the curvature radius R2 of the substrate 10. 
If it shifts like a graphic display of the center CI of a curvature radius of the sprayed layers 20, and the 
center C2 of a curvature radius of the substrate 10, the nodal line XI will certainly arise. On the other hand, 
if it cuts so that a nodal line may not occur, or it cuts with the 2nd cutting tool 12 so that the intersecting 
angles theta of the nodal line Xi may become very small, 12 s of cutting surfaces of the 2nd tool will imitate 
1 1 s of cutting surfaces of the 1st cutting tool, a burr may occur outside tolerance level, and it is not 
desirable. 

[0018]If the nodal line Xi is located in a deburring required line, as a solid line shows to drawing 8 , 1 1 s of 
cutting lines by the 1st tool can be made into a straight line from the middle. As a solid line shows, it may be 
located in the sprayed layers 20, and if the nodal line Xi is located in a deburring required line, as (Xi) or a 
dotted line shows, it may be located in the substrate 10 (Xi '). However, if this position Xi and Xi ' separate 
from an interface of a thermal-spraying sliding layer and a substrate remarkably, length to which the 1st 
cutting tool cuts the substrate 10, and the 2nd cutting tool cuts the sprayed layers 20 becomes long, power 
in which the 2nd cutting tool exfoliates the sprayed layers 20 from a substrate further becomes large, and it 
is not desirable. As for distance (d) from said interface of the nodal line Xi, specifically, it is [ distance (d) 
from said interface of 1/5 (d<=t/5) or less and said nodal-line Xi ' of thickness t of a thermal-spraying 
sliding layer ] preferred that it is 1/4 (d<=t/4) or less [ of thickness t of a thermal-spraying sliding layer ]. 
[001 9]A point that the 2nd invention is common in the 1 st invention explains below only a point which omits 
explanation and is different with reference to drawing 9. By this inventing method, the cutting direction of 
the 2nd cutting tool is the direction of the sprayed layers 20 to the substrate 10. Therefore, since the 
sprayed layers 20 are compressed into a substrate, there is no fear, such as exfoliation. In the arbitrary 
points 10k, 12 s of cutting surfaces of the 2nd tool are changed from a curve to a straight line, and 
continuous cutting of 12 s of straight-lines ' is carried out. The two-step continuous cutting of 12 s of this 
curve and 12 s of straight-lines ' can attain deburring and dimensional accuracy finishing of the cross 
direction of a slide member. 

[0020]As for distance (d) from said interface of the nodal line Xi, in the 2nd invention, it is [ distance (d) from 
said interface of 1/4 (d<=t/4) or less and said nodal-line Xi ' of thickness t of a thermal-spraying sliding 
layer ] preferred that it is 1/3 (d<=t/3) or less [ of thickness t of a thermal-spraying sliding layer ]. 
[0021] 

[Function]When the 1st method and 2nd method concerning this invention use a separate tool for a 
thermal-spraying sliding layer and a substrate, the result of having excelled in fields, such as granularity of a 
deburring side and defect-free quality, can be acquired. The minute burr which may be generated with a 
crossover line can be prevented from influencing sliding by making into the inside [ side / deburring 
required ] the line Xi by which the cutting surface of these tools crosses similarly. 

[0022]In the 1st method, although a burr may occur in [ 20k (refer to drawing 5) ] that a cutting tool leaves 
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a work material, since this point 20k is removed by the 2nd cutting tool, a burr does not become a problem 
at all. A burr is removed by the 1st tool when a cutting order is reverse. Although a burr occurs in [ 20k 
(refer to drawing 9) ] that the 1st cutting tool separates from a thermal-spraying sliding layer by the 2nd 
method similarly, the 2nd cutting tool fails to delete the portion of a slash with a burr. Since the point that 
the 2nd cutting tool leaves a work material is a bottom edge part of the substrate 10, the burr generated 
here does not have influence in a sliding characteristic. 

[0023]the thermal-spraying sliding layer (claim 7) which consists of aluminum or a copper system thermal 
spray material is based on cutting, [ divide and ] Since it hardens in an aluminum system material and has 
hardened more than Hv=140 with the copper system material more than Hv=100 by the rapid solidification 
at the time of thermal spraying again that a burr etc. happen easily, a burr wears a mating material rapidly, 
and as a result, printing happens easily. Therefore, especially the advantage that applies this invention 
method to such materials is size. Hereafter, an example explains this invention in detail. 
[0024] 

[Example]Thickness cuted off the corners the cam plate which carried out thermal spraying of the 
copper-lead system thermal spray material (7 to 9 % of the weight of Pb contents) at 200 micrometers to 
the cast iron (FCD70) substrate. 

[0025]In example 1 drawing 5 , R1=0.8mm, R2 =0.8mm, interval =0.5mm of CI and C2, and the cutting linear 
velocity of the 1st cutting tool set up the program of NC cutting machine so that 740 m/min and the cutting 
linear velocity of the 2nd cutting tool might serve as 740 m/min. The byte of a construction 
material-diamond, the rake angle of 5 degrees, and 10 degrees of angle of relief was used for the 1st tool. 
The byte of construction material-super-hardness, the rake angle of 5 degrees, and 10 degrees of angle of 
relief was used for the 2nd tool. Ten cam plates which cut on condition of above were built into the swash 
plate type compressor of the respectively same form, and when it operated, abnormalities were not 
accepted during operation. 

[0027]In example 2 drawing 9, R1=0.8mm, R2 =0.8mm, interval =0.5mm of CI and C2, and the cutting linear 
velocity of the 1 st cutting tool set up the program of NC cutting machine so that 740 m/min and the cutting 
linear velocity of the 2nd cutting tool might serve as 740 m/min. The byte of a construction material 
diamond, the rake angle of 5 degrees, and 1 0 degrees of angle of relief was used for the 1 st tool. The byte of 
construction material-super-hardness, the rake angle of 5 degrees, and 10 degrees of angle of relief was 
used for the 2nd tool. Ten cam plates which cut on condition of above were built into the swash plate type 
compressor of the respectively same form, and when it operated, abnormalities were not accepted during 
operation. 
[0028] 

[Effect of the Invention]As explained above, according to this invention, it does not depend on grinding but 
the burr which has the serious influence for a sliding characteristic can be detoxicated only by cutting. 
Therefore, in order that this invention may stabilize the performance of a thermal-spraying slide member 
and may demonstrate the original material property of a thermal-spraying sliding layer, it is dramatically 

useful. 

[Brief Description of the Drawings] 

[Drawing 1] It is a figure (b) explaining the figure (a) explaining the C cutting-off method, and the method of 
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usually cutting off the corners from a byte. 

[Drawing 2] It is a figure explaining how to cut off the corners from R byte. 

[Drawing 3] It is a figure explaining how to cut off the corners with a belt sander. 

[Drawing 4] It is a figure explaining how to cut off the corners by the 1st method of this invention. 

[Drawing 5] It is an explanatory view of the camfering line formed by the 1st method of this invention. 

[Drawing 6] It is an explanatory view of a camfering line. 

[Drawing 7] It is an explanatory view of a camfering line. 

[Drawing 8] It is an explanatory view of the camfering line formed by the 1st method of this invention. 
[Drawing 9] It is an explanatory view of the camfering line formed by the 2nd method of this invention. 
[Description of Notations] 

1 Work material 

2 Chamfering tool 

3 Byte 

4 R byte 

5 Belt sander 

10 Substrate 

1 1 The 1st cutting tool 

lis Cutting surface of the 1st cutting tool 

12 The 2nd cutting tool 

12 s Cutting surface of the 2nd cutting tool 
20 Sprayed layers 
20 s Sliding surface 

The nodal line of the cutting surface of the 1st cutting tool of Xi, and the cutting surface of the 2nd cutting 
tool 

[Translation done.] 
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